The validity of a previously proposed theory of creep in bolted joints was examined using the test data together with results from an earlier study.
The validity of a previously proposed theory of creep in bolted joints was examined using the test data together with results from an earlier study.
The theory was found to hold for 7075-T6
but not for 2014-T6.
INTRODUCTION
The investigation described herein is one of a series intended to obtain useful solutions to structural creep probloas by the quantitative relationship of structural creep to material creep.
- 2 - A limited test program was undertaken to obtain data on bearing creep deformation for 7075-T6 and 2014-T6 forged aliunlnum alloys. The Immediate objectives were (1) to explore the general nature of bearing creep In these materials, and (2) to examine the feasibility of calculating the creep deformations In large bolted joints which are expected to fall in bearing.
In connection with the latter objective. It was proposed In an earlier report (ref. 1) that:
A joint which Is expected to fall In bearing can usiially be considered to creep only In bearing.
The elongation of the joint, then, is the same as that for a simple bearing specimen having the same edge distance and subjected to the same stress and temperature as the joint.
The creep deformations obtained with the bearing specimens tested in this investigation are compared with the creep deformations obtained with 7075-T6 and 2014-T6 bolted joints (fig. 1) tested in a previous study. 
SPECIMENS
The bearing specimens tested in this investigation were cut from the bolted joints described above and in Appendix A. They were machined from parts of the straps which had been subjected to relatively little heating.
It is estimated that those portions of the straps from which the bearing specimens were taken had not been heated above 200°F and had not been stressed beyond the elastic limit corresponding to this temperature.
Hence the bearing specimens did not have any prior work hardening, but undoubtedly did have a small amount of overaging because of the exposure to elevated temperature.
Two general designs of bearing specimens were tested. These are designated as "straight" and "beveled", and are shown in figs. 2 and 3. The beveled specimen is an attempt to reproduce the complex edge condition of the bolted joint specimens.
3.
TEST TECHNIQUES

Loading
The tests were conducted in a 100,000 lb capacity universal screwpower testing machine, which was adapted for creep testing by the installation of a load-maintaining system similar to that described in ref. 4. Referring to figs. 4 and 5, the specimen A was held by two steel plates B which were mounted in the upper grip of the machine and separated by a spacer plate (not shown). The bearing load was applied with a hardened steel pin C which was machined to provide a close sliding fit in the 
Testing Procedure
After heating the specimen to the test temperature^it was permitted to remain at that temperature for a predetermined exposvire period. The test load was then applied, and this was considered time zero. Deformations were measured starting at the time that the full test load was reached.
In this manner, displacements due to elastic extension, thermal expansion and backlash in the extensometer arrangement, were eliminated. Using the data in the table, it was deduced that the relative effects of stress, edge distance and bolt tightness could be adequately described by means of the empirical parameter P . to^Oe-'/lOOO (2) This parameter was related to t^_ with a curve-fitting process, giving the empirical equation Examination of eqs. (2) and (3) 
The exponent in this equation was determined by a curve-fitting process.
- A plot of t^_ vs. P' for the 2014-T6 bearing specimens is given in fig. 12 .
The dashed line was faired through the plotted points.
The parameter P' is empirical, and only applies to the specimens and the range of variables discussed here. It is used in this report only to indicate the relative effects of the different test variables on the creep resistance of the bearing specimens.
It may be seen that bearing stress, edge distance and bolt tightness affect the creep resistance of the 2014-T6 specimens in the same general manner in which they affected the creep resistance of the 7075-T6 specimens, Furthermore, the creep resistance of the 2014-T6 specimens is reduced by -14 1 increasing the prior exposure time. The nature of this reduction is discussed further in the following section.
Effect of Prior Exposure
It was postulated in ref. 2 that, for a given material at a given temperature, a = f^a'
where a is creep strength following an exposure, g' is creep strength without a prior exposure, and fis a function of the exposure time only.
Based on the data obtained in this investigation, it is shown in the Appendix that o = a' -f^ ( 6) where f_ is a function of the exposure time only.
It is obvious that eqs, (5) and (6) are not compatible. In all probability, eq. (5) is incorrect, but eq. (6) should not be employed for design purposes without obtaining further experimental verification.
Bolted Joint Specimen
The 2014-T6 bolted joint specimen which was discussed in the Introduction and in Appendix A had an edge condition similar to that of specimen 11. Furthermore, it was tested under the same stress, temperature and exposure conditions as specimen 11. A comparison of the creep curves The 7075-T6 joint exhibited considerably more ductility than the 2014-T6 joint.
By using the joint efficiencies in the manner described in ref. (6) Substituting eq. (2) into eq. (4) and solving for a gives a » 1000 [log(Rm^°) -0.8 log(l+t ) -log P']
L From fig. 12 
a = a' -f3 (6) where f^is a function of the exposure time. 
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